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ABSTRACT PAGE
A method was developed to identify and quantify galaxolide (HHCB), tonalide (AHTN), 
triclosan (TCS), and methyl-triclosan (MTCS) in Virginia freshwater fish tissue samples. 
The compounds of interest were selected because of their high usage and occurrence in 
sediments, aqueous samples, as well as bioaccumulation in biota such as fish. Three 
matrices (target compound-amended NaS04, amended fish fillet composite reference 
material and fish with field-incurred contaminants) were subjected to enhanced solvent 
extract. Gel permeation chromatography (GPC) was used to remove higher molecular 
weight lipids from these extracts. The final clean-up step was performed on 2 g silica 
columns, and the fractions were eluted with 10 ml of 10/40/50 
hexane/dichloromethane/acetone. Gas chromatography in tandem with electron ionization 
mass spectrometry (GC/MS) was used to analyze the purified extracts to determine levels 
of the compounds of interest. Both HHCB and MTCS were detected in fish samples with 
field-incurred burdens. However, no specific trends among fish species, lipid content, or 
sample location were determined at this time and thus call for further study.
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INTRODUCTION
Pharmaceuticals & Personal Care Products (PPCPs)
The manufacture and use of pharmaceuticals and personal care products has 
resulted in their widespread release. PPCPs include analgesics, lipid regulators, synthetic 
hormones, steroids, fragrances, antiseptics, sunscreens, shampoos, and cosmetics 
(Lishman et al., 2006). Many PPCPs are designed to stimulate a biological response, and 
their chemical structures may accordingly differ from other anthropogenic compounds 
(Lishman et al., 2006). Both the original compounds and degradates may be released as a 
result of PPCP use (Lishman et al., 2006). Excretion and metabolism of PPCPs may be 
influenced by the users’ physical condition, nutritional status, age and gender (Bendz et 
al., 2005). Many PPCPs are of moderate polarity and volatility. They often exhibit 
varying biodegradability, i.e. are not readily removed from wastewaters via sorption or 
sedimentation (Bendz et al., 2005). During wastewater treatment, lipophilic PPCPs sorb 
to processed sludge and biosolids, while more polar PPCPs and their metabolites may be 
released with effluent (Lishman et al., 2006). The specific PPCPs to be studied here 
include synthetic musk compounds, triclosan and its metabolite methyl-triclosan. These 
were chosen due to their high use and potential to bioaccumulate in aquatic biota such as 
fish.
Synthetic Musk Compounds
Based on structures of natural musks, synthetic musk compounds include three 
types: nitro-musks (NMs: dinitro- and trinitrobenzene derivatives), polycyclic musks
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(PCMs: methylated indane or tetraline structures) and the less common macrocyclic 
musks (Dsikowitzky et al., 2002; Hutter et al., 2005; Yang & Metcalfe, 2006). NMs 
were introduced in the early 1900s, while production and use of PCMs began in the 
1950s (Hutter et al., 2005). As the demand for PCMs has increased, the need for nitro- 
musks has waned (Hutter et al., 2002). Both NMs and PCMs are lipophilic and 
environmentally persistent (Hutter et al., 2002).
PCMs
Worldwide production of PCMs was -5600 ton in 1996 (Chen et al., 2007). In 
1996, approximately 70 % of total synthetic musks produced were PCMs; NMs 
accounted for 25 %, while macrocyclic musks accounted for 5 % (Gatermann et al.,
2002). PCMs are considered semi-volatile organic compounds (SVOCs), and therefore 
exist in both the gas-phase and particulate-phase of ambient air (Chen et al., 2007; 
Schmid et al., 2007). Any compounds with a Henry’s Law constant greater than 7.2 x 10' 
6 atm L/mol are considered “volatile” by Lyman’s definition (Osemwengie and Steinberg,
2003). PCMs are also hydrophobic, lipophilic, bioaccumulative, recalcitrant, ubiquitous 
and potentially toxic (Chen et al., 2007; Dsikowitzky et al., 2002; Kupper et al., 2004; 
Ricking et al., 2003; Smyth et al., 2007). PCMs are found in laundry detergents, 
perfumes, body lotions, fabric softeners, food additives, fish bait, soaps, cosmetics, air 
fresheners, deodorants, furniture polish, stain removers, multipurpose cleaners, sanitation 
wipes and glass cleaners, (Hutter et al., 2005; Reiner et al, 2006).
The most widely used PCMs are HHCB and AHTN. Most products contain 
different formulations of primarily HHCB and AHTN (Dsikowitzky et al., 2002).
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Manufacturers purchase prepared PCM formulations, then reformulate them 
(Dsikowitzky et al., 2002; Reiner et al., 2006). HHCB-lactone (Galaxolidone), which 
may be an impurity in commercial HHCB (-10 % HHCB-lactone), or intentionally 
produced (Bester, 2004; Reiner et al., 2006). HHCB-lactone is common in body lotions 
and creams (Reiner et al., 2006). HHCB may also be oxidized to HHCB-lactone during 
wastewater treatment (Kupper et al., 2006; Reiner et al., 2006). For example, the 
concentration of HHCB-lactone increased from 430 ng/1 in a wastewater influent, to 900 
ng/1 in effluent, indicating conversion of HHCB to HHCB-lactone (Berset et al., 2004). 
Bester (2004) observed a 5-10 % oxidation of HHCB to HHCB-lactone in STPs. Bester 
(2004) attributes the presence of HHCB-lactone in receiving water sediments and fish to 
releases from sewage treatment processes.
Fate o f PCMs
Household PCM use accounts for the bulk of PCM input to the environment, 
followed by industry releases and atmospheric deposition (Kupper et al., 2004). PCMs 
may volatilize from skin or fabrics after application (Kupper et al., 2004). PCMs are 
introduced to the aquatic environment via treated and untreated wastewater releases and 
enter the terrestrial environment via primary or secondary sludge, or biosolids (stabilized 
sewage sludge increasingly used as a soil amendment) application (Carballa et al., 2004; 
Yang & Metcalfe, 2006). PCMs have been detected in surface water, freshwater, marine 
and estuarine waters, particulate matter, sediment, air, wastewater, sludge, sewage, 
effluents; human milk and adipose tissue; biota such as shrimp, shellfish and fish (Chen 
et al., 2007; Dsikowitzky et al., 2002; Kupper et al., 2004).
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Much research has been conducted pertaining to the processing of PCMs in both 
domestic, commercial and industrial wastewater treatment plants (WWTPs). Most 
WWTPs process multiple types of influent simultaneously, making it difficult to trace the 
origin of contaminants. The ownership and management of the plants, private or public, 
may also impact the influent treatment protocol. WWTPs process wastewaters from 
industries, and septage and sewage from domestic and commercial sources. The type of 
WWTP, as well as influent quality, impacts the composition of sludge and biosolids 
(Kupper et al., 2004). Influent and raw sewage contain the highest PCM concentrations 
(Yang & Metcalfe, 2006). Both HHCB and AHTN have been detected at the mg/kg level 
in municipal sewage sludge (Temes et al., 2005).
Removal of PCMs is incomplete during wastewater treatment (Dsikowitzky et al., 
2002). HHCB and AHTN have low water solubilities. In the aqueous phase, PCMs may 
be degraded or sorbed to particulate matter (Dsikowitzky et al., 2002), such as sludge and 
suspended solids. AHTN tends to sorb to solids more readily than HHCB (Chen etui., 
2007; Dsikowitzky et al., 2002). Should natural organic material be abundant in water, 
PCMs may also be removed via coagulation/flocculation (Yang & Metcalfe, 2006). The 
low vapor pressures of HHCB and AHTN reduce volatilization from the aqueous phase 
and accumulation in the atmosphere (Dsikowitzky et al., 2002). At present, there are no 
known “turn-over rates” for biological or chemical degradation of HHCB and AHTN 
(Dsikowitzky et al., 2002). There is evidence that HHCB and AHTN are altered via 
chemical and biological degradation, although the process is unknown (Dsikowitzky et 
al, 2002; Kupper et al., 2006). HHCB may experience a more efficient biotransformation 
rate than AHTN, as demonstrated by the higher AHTN concentrations in sediments and
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suspended particulate matter (Dsikowitzky et al, 2002). However, during activated- 
sludge wastewater treatment, a 91.5 % removal of HHCB and an 89.0 % removal of 
AHTN have been documented (Dsikowitzky et al., 2002). According to Yang & 
Metcalfe (2006), 73 % of HHCB and AHTN accumulated in the sludge, 24 % in the 
aqueous phase of the final effluent, and 3 % in the suspended solids fraction of final 
effluent.
PCM Toxicology
According to Dsikowitzky et al. (2002) and to Ford (1998), direct or indirect 
exposure to HHCB and AHTN “pose no significant risk to human health.” PCMs may be 
classified as selective estrogen receptor modulators, as PCMs exhibit both estrogenic and 
antiestrogenic activity at estrogen receptors (Tanabe, 2005). HHCB and AHTN are 
suspected to possess weak estrogenic activity thus far (Ricking et al., 2003). 
Antiestrogenic effects from HHCB and AHTN exposure were observed for fish in vivo 
(Kupper et al., 2006). Wild fish have experienced endocrine disruption as well as 
“occurrences of intersex and testis abnormalities” from PCM exposure (Schreurs et al., 
2004). Due to PCM lipophilicity (high log Kow values), PCMs are not only detected in 
sewage sludge and aquatic sediments, but in fish and mussels at concentrations as high as 
100 mg/kg lipid (Ricking et al., 2003).
Gatermann et al. (2002) analyzed fish (rudd, tench, crucian carp, eel) and zebra 
mussels to determine PCM levels, as well as to examine PCM exposure routes. 
Theoretical BAF (bioaccumulation factors) interpreted from PCM log Kow values tend to 
overestimate measured BAF, suggesting some PCM metabolism (Gatermann et al.,
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2002). BAF calculations consider passive diffusion, biomagnification and 
biodegradation, whereas BCF (bioconcentration factors) are calculated based on 
accumulation via water only. Uptake via gills plays a large role in bioaccumulation for 
lipophilic chemicals. Biomagnification occurs through the food chain, as higher trophic 
organisms feed on lower trophic organisms, all of which may have been exposed to 
PCMs.
Significant differences in HHCB and AHTN concentrations in different 
organisms indicate that PCM metabolism may vary between species (Gatermann et al., 
2002). For highly lipophilic substances, tissue concentrations correlate well with lipid 
content. This relationship supports the value of lipid normalization of concentrations 
rather than wet weight. Organisms with high lipid content, but low capacity for PCM 
metabolism, often accumulate the highest PCM concentrations (Gatermann et al., 2002). 
Compounds with log KoW values greater than 7 generally show reduced bioaccumulation.
Triclosan & Methyl-triclosan
Triclosan (TCS: 5-chloro-2-[2,4-dichloro-phenoxy]-phenol; 2,4,4’-trichloro-2’- 
hydroxydiphenyl) is widely used as an antimicrobial, preservative and disinfectant in 
such products as hand soaps, medical skin creams, plastics, toothpaste, household 
sponges, socks, underwear, detergents, shoe insoles, and shampoos (Canosa et al., 2005; 
Coogan et al., 2007; Moldovan, 2006; Adolfsson-Erici et al., 2002). TCS is active 
against bacteria on skin and in the oral cavity (Orvos et al., 2002). Humans may 
experience allergic reactions or other dermal irritation from TCS use (Adolfsson-Erici et 
al., 2002). TCS is a high-volume use chemical that may impact microbial activity during
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wastewater treatment, although some studies have reported no toxicity to wastewater 
microorganisms (Lishman et al., 2006; Orvos et al., 2002). TCS inhibits bacterial lipid 
biosynthesis, which is crucial for the survival of bacteria (Adolfsson-Erici et al., 2002). 
Constant low-level exposure of bacteria to TCS may foster antibacterial resistance 
(Adolfsson-Erici et al., 2002).
The structure of TCS is similar to that of polychlorinated dibenzo-p-dioxins 
(PCDDs) and polychlorinated dibenzofurans (PCDFs) (Aguera et al., 2003). TCS is a 
stable, moderately lipophilic (log KoW = 4.8) compound. However, it may be degraded to 
2, 8-dichlorodibenzo-p-dioxin, as well as “predioxins” such as, 2, 4-dichlorophenol, 
2,3,4-trichlorophenol via photolysis or incineration (Canosa et al., 2005; Coogan et al., 
2007; Moldovan, 2006; Lishman et al., 2006; Adolfsson-Erici et al., 2002). TCS has a 
pKa = 8.1 and limited aqueous solubility (Orvos et al., 2002; Coogan et al., 2007). Its 
toxicity may be mediated by its ionization state, as pH levels in some aquatic 
environments coincide with the TCS pKa value (Orvos et al., 2002). For example, at a 
pH 7.0, TCS is present primarily in its neutral form; while at pH 8.5, TCS is mostly 
ionized (Orvos et al., 2002). Unionized TCS appears to be the most acutely toxic form 
(Orvos et al., 2002).
TCS has been identified in wastewater, sludge, sediments, surface water, and 
biota such as fish (Lindstrom et al., 2002). TCS is removed during secondary wastewater 
treatment at a rate of 51 -  99 % (Moldovan, 2006). Modes of removal include, but are 
not limited to “sorption and transport into the sediments, chemical or biological 
degradation, volatilization, and photolysis (direct and indirect)” (Lindstrom et al., 2002). 
In a study of a Swiss WWTP, TCS removal was observed via biological degradation
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(mineralization, transformation), via sorption to sludge, and via effluent (Lishman et al., 
2006).
Methyl-triclosan (MTCS: 5-chloro-2-(2,4-dichlorophenoxy)anisole) is a more 
lipophilic, bioaccumulative compound (log KoW = 5. 0 - 5.2) than its parent, TCS (log KoW 
= 4.2 - 4.8) (Balmer et al., 2004; Coogan et al., 2007; Lindstrom et al., 2002; Moldovan, 
2006). MTCS is thought to be a byproduct of biological methylation of TCS (Balmer et 
al., 2004; Lindstrom et al., 2002). MTCS is also used as a starting material for TCS 
manufacture and therefore may be present as an impurity (Lindstrom et al., 2002). It 
does not dissociate in aqueous solution, and is resistant to photodegradation (Lindstrom 
et al., 2002). MTCS exhibits greater sorption to sludge than TCS, as predicted by their 
relative log KoW values (Lindstrom et al., 2002). Hence, MTCS removal in WWTP/STP 
is largely attributed to sorption to solids/particulates and subsequent sedimentation 
(Lindstrom et al., 2002).
Because of its bioaccumulative/biomagnification potential, elucidation of MTCS 
toxicity is important (Coogan et al., 2007). To date, there are no known MTCS toxicity 
studies (Coogan et al., 2007). Literature reported MTCS levels in fish tissue range from 
165 -  300 ng/g, lipid weight (l.w.) (Coogan et al., 2007). The aqueous MTCS levels in 
the lake studied ranged from 0.8 -  1.2 ng/1 (Coogan et al., 2007). MTCS has been 
quantified in rivers up to 2 ng/1 (Lindstrom et al., 2002). Balmer et al. (2004) determined 
lipid-based MTCS concentrations in fish from as low as 4 -  6 ng/g to as high as 165 —
365 ng/g. Fish species and weight affect bioconcentration/bioaccumulation (Balmer et 
al., 2004). It is “unclear whether methylation had taken place prior to or following 
uptake by the fish and whether TCS itself was also accumulated” (Lindstrom et al.,
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2002). MTCS has been detected in the environment near anthropogenic sources, but has 
not thus far been identified in remote lakes lacking anthropogenic input (Balmer et al., 
2004; Lindstrom et al., 2002). MTCS may serve as “a suitable marker for WWTP- 
derived lipophilic contaminants in the aquatic environment and fish” (Balmer et al.,
2004).
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OBJECTIVES
HHCB, AHTN, TCS, and MTCS are likely to be widely distributed and relatively 
persistent environmentally and may serve as potential tracers of WWTP releases. TCS is 
not highly bioaccumulative in comparison, but as the precursor of MTCS, it should also 
be evaluated in samples. The thesis objectives are: 1) develop a method of analysis for 
polycyclic musk compounds and methyl-triclosan in fish tissue. This method will 
incorporate extract purification procedures to minimize compounds that may interfere 
with subsequent instrumental determination of target analytes, while maximizing analyte 
recoveries; 2) Apply the method to various fish species exhibiting different life histories 
and tissue lipid contents (e.g. carp, catfish, other) from locations distant from and near 
potential sources, i.e. WWTPs.
HYPOTHESES
1) Fish sampled from Virginia will contain detectable levels of PCMs and MTCS.
2) Fish from near WWTPs will contain higher burdens than those at distance.
3) Fish species with higher lipid contents will exhibit higher burdens of PCMs and MTCS 
at a given site.
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METHODS
Chemicals
HHCB and AHTN (neat) {Figures F, G) were purchased from Promochem GmbH 
(Germany). TCS and MTCS {Figures A, C) were obtained from Toronto Research 
Chemicals (Canada). Deuterated TCS and MTCS (neat) {Figures B, D) were also 
obtained from Toronto Research Chemicals. The internal standard,/?-terphenyl, was 
obtained from Accustandard (USA). Solvents used were residue grade and obtained from 
Burdick and Jackson (Muskegon, MI).
Cl
OCH3
Figure A Methvl-triclosan
Cl
Cl
OCD3
Figure B Deuterated Methvl-triclosan
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Figure C Triclosan
Ci D
OH D D
Figure D Deuterated Triclosan
Figure E  n-terphenvl 
Standard Solutions
The surrogate standard solutions were prepared by transferring the entire ampule
contents, obtained from the commercial supplier, to 25-ml volumetric flasks, then rinsing
the ampules with hexane to remove any residual standard. The unopened ampules were
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pre-weighed, and then weighed again after being emptied to ascertain the amount (mg) of 
J 3-TCS and dj-MTCS in the standards. The J 3-TCS and d r  MTCS were diluted to 
volume in hexane {Table 1). Glassware used in experiments was pre-rinsed with high 
purity solvent, following cleaning to minimize potential lab contamination.
Table 1
Concentrations of the surrogate compounds.
Std. Name Cmpd. Cone., ug/ml Cone., ng/ml
#101607B d5-TCS 400 400000
#101607C d r  MTCS 400 400000
The internal standard was purchased as a solution containing two additional standards not 
examined in the current work (pentachlorobenzene and decachlorodiphenyl ether). The 
internal standard selected, /7-terphenyl, elutes at a GC retention time close to that of the 
surrogates and the target compounds. It also chromatographs well and produces an 
abundant molecular ion.
13
Preliminary Study to Determine Eluent Solvent for Solid Phase Extraction (SPE)
The analyst first requires an accurate detection method to evaluate the required steps in 
the overall analysis scheme. During method development studies one thus starts 
effectively at the end of the sample-processing procedure and progresses back towards 
the first steps: extraction and extract purification.
A series of working standards were required to perform this work and are described 
below. Standards were designated by the date (e.g. #101007) and order of their 
formulation (e.g. “A” first, “B” second...) (Table 2, 3).
Table 2
Concentrations of the target and surrogate compounds.
Std. Name Cmpd. Cone., ug/ml
#101007 HHCB 137
AHTN 127
TCS 200
MTCS 215
#101607B Jj-TCS 400
#101607C Jj-MTCS 400
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Table 3
Concentrations of the target and surrogate compounds.
Std. Name Cmpd. Cone., ug/ml
#020708A HHCB 32
AHTN 31.4
TCS 40
MTCS 40
#020708B dj-TCS 32
d3-MTCS 32
Figure F  HHCB
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Figure G AHTN
Four different solvent mixtures were prepared to evaluate their potentials to elute the 
compounds (surrogates and target compounds: HHCB, AHTN, TCS, MTCS; see Table 4) 
efficiently into the S-2 fraction (so-named as it is the second fraction eluted) from the 2-g 
silica solid phase extraction (SPE; Biotage) columns. SPE columns were selected 
because the they require minimal solvent to elute, reducing waste, and do not require 
assembly by the analyst, reducing labor. On the columns target compounds sorb to the 
hydrophilic silica, and are then eluted in order of increasing polarity using progressively 
stronger solvents. The columns were baked at 130 °C to activate them. Residual water 
adhering to the silica may decrease the sorption of compounds to the SPE column, 
preventing efficient retention. The initial fraction (S-l), eluted with 3.5 ml hexane, is the 
most non-polar fraction. It contains very nonpolar compounds, e.g. aliphatics, which 
may interfere with GC/MS analysis. Compounds of intermediate polarity, such as those 
under investigation in the current study, are eluted with more polar solvents (fraction 
designated S-2 or S-3). Very polar compounds, e g. fatty acids, are retained on the 
column and not eluted.
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Table 4
Summary of the eluents used for each sample set for the preliminary SPE-clean-up study.
S2 S3
Sample Name Solvent Vol., ml Solvent Vol., ml
7MD007-009 60/40 Hex/DCM 6.5 ml Acetone 10 ml
7MD010-012 50/50 Acetone/DCM 10 ml n/a n/a
7MD013-015 90/10 DCM/Hex 10 ml n/a n/a
7MD016-018 10/40/50 Hex/DCM/Acetone 10 ml n/a n/a
After collecting fractions to be analyzed for GC/MS, the fractions were reduced under 
nitrogen using a TurboVap II (Zymark, Corp., U.S.A.) and spiked with 100 pi of internal 
standard. When the fraction(s) containing the target compounds are injected into the 
GC, the compounds present in the sample associate with the stationary phase within the 
GC column. According to their molecular weight, polarity, volatility, and other factors, 
the compounds volatilize from the stationary phase and exit the column into the MS. In 
theory, each compound elutes at a different retention time, although some co-elution 
often occurs in complex samples. Retention time and mass spectrum are used to identify 
the compound. The performance of the GC/MS affects the compound retention times, as 
well as the percent recoveries of the target compounds.
In the MS ionization step compounds eluting from the GC are ionized by a 70 eV beam.
This electron bombardment results in the fragmentation of the compound. The charge-to-
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mass ratios (m/z) of the fragments are measured within the MS. This information is 
compared to reference spectra to identify the compounds and peak areas of specific 
quantitation ions used to determine the concentrations of the surrogates, target 
compounds, and internal standard. The quantitation ions for all compounds are listed in 
Table 5.
Table 5
Quantitation ions used to identify and quantify compounds in samples.
Cmpd. Quantitation Ions
HHCB 243,213
AHTN 243, 187
d3-TCS 291, 292, 293
TCS 288, 289, 290
<7j-MTCS 305, 306, 307
MTCS 302, 303, 304
/7-terphenyl 230
Elution of the fragrance and triclosan-related compounds was evaluated in triplicate for
each solvent regime tested (Table 5): 10 ml of DCM/acetone, 10 ml of 90/10
DCM/hexane, and 10 ml of 10/40/50 hexane/DCM/acetone. For each trial, 1 ml of
standard #020708A and 1 ml of #020708B were delivered to the SPE column head. The
2 ml of target compounds and surrogates were allowed to elute until the column head was
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almost revealed, then the S-l and S-2 fractions were eluted with the following solvents. 
For samples 7MD007-009, both the S-2 and S-3 fractions were analyzed by GC/MS, 
while only the S-2 fractions for 7MD010-018 were analyzed. For samples 7MD007-009, 
the surrogates and target compounds eluted in both the S-2 and S-3 fractions, due to this 
increased complexity this SPE elution method was subsequently eliminated.
After this preliminary study indicated that the solvent regime 10/40/50 
hexane/DCM/acetone resulted in the most complete elution of the target compounds and 
was selected for subsequent SPE clean-up. Samples 7MDB03 and 7MD027-035 were 
processed to determine percent recoveries of all target compounds and surrogates.
GC/MS Calibration Curve Standards
A stock solution of J?-TCS and t/?-MTCS was prepared from standards #101607B and 
#101607C by transferring a 1-ml aliquot from each individual standard solution to a 200- 
ml volumetric flask and dilution to volume with hexane. The final concentrations were 2 
pg/ml (2000ng/ml), each of ds-TCS and dj-MTCS. This standard (#100708A) was stored 
in an amber glass bottle, to minimize photodegradation. It was used as the surrogate 
standard for all analyses. From standard #100708A, a series of six calibration standards 
were prepared in hexane (Table 6; Figures H, I, K, M).
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Table 6
Summary of calibration standards for the surrogate standards.
[(ij-TCS, Jj-MTCS], Aliquot, Aliquot,
ng/ml ml hexane Cone., ng/ml Std. Name
2000 1 0 2000 #100708A_1
2000 0.8 0.2 1600 #100708A_2
2000 0.6 0.4 1200 #100708A_3
2000 0.4 0.6 800 #100708A_4
2000 0.2 0.8 400 #100708A_5
2000 0.1 0.9 200 #100708A_6
A stock solution containing the target compounds (HHCB, AHTN, TCS and MTCS) was 
prepared from solutions of each respective compound. The fragrances, HHCB and 
AHTN, were obtained from Promochem Teddington Middlesex, at concentrations of 100 
pg/ml in hexane. TCS was obtained from AccuStandard as a solution in methanol at a 
concentration of 1 mg/ml. MTCS had already been prepared in hexane at a concentration 
of 984 jag/ml (standard MS021207 A). To prepare the stock solution, #100708B, 1 ml 
each of HHCB and AHTN and 0.1 ml each of TCS and MTCS were transferred to a 10 
ml volumetric flask and diluted to volume with hexane; the final concentrations for all 
compounds was 10 pg/ml (Table 7; Figures J, L,N). This stock solution was stored in an 
amber bottle, to reduce potential photodegradation.
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Table 7
Summary of calibration standards for target compounds.
Std. Name
Cone.,
ng/ml
Aliquot,
ml
Hexane,
ml
Cone.,
ng/ml Std. Name
#100708C 1000 1 0 1000 #100708C_1
#100708C 1000 0.5 0.5 500 #100708C_2
#100708D 100 1 0 100 #100708D_1
#100708D 100 0.5 0.5 50 #100708D_2
#100708E 10 1 0 10 #100708E_1
#100708E 10 0.5 0.5 5 #100708E_2
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Figure H  HHCB
Calibration Curve Report
File: ...\mara\my documents\my documents\varianws_data_etc\hrv_method2.mth 
Detector: 2000 Mass Spec, Address: 40
HHCB
Curve Fit: Linear, Origin: Include, Weight: None Resp. Fact. RSD. 47.05%
y = +1.578622x -0.024141 Coeff. Det.(r2): 0.945804
Level: 1, Replicate: 1, Deviation: 9.38%
Replicates
0 .75-
0 .58-
'0.25 '0.50
Amount/Amt Std.
'0.75 1.00
22
Figure I  AHTN
Calibration Curve Report
File: ...\mara\my documents\my documents\varianws_data_etc\hry_method2.mth 
Detector: 2000 Mass Spec, Address: 40
AHTN
Curve Fit: Linear, Origin: Include, Weight: None Resp. Fact. RSD: 21.99%
y = +1.578871 x +0.010235 Coeff. Det.(r2). 0.999432
Level: 5, Replicate: 1, Deviation: -14.09%
Replicates
0 .25-
'0.25 '0.50
Amount/Anrrt. Std.
'0.75 1.00
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Figure J  </?-TCS
Calibration Curve Report
File: .. .\mara\my documents\my documents\varianws_data_etc\hrv_method2. mth 
Detector: 2000 Mass Spec, Address: 40
d3-TCS
Curve Fit: Linear, Origin: Include, Weight: None Resp. Fact. RSD: 5.339%
y = +0.406207x -0.009454 Coeff. Det.(r2): 0.999179
Level: 1, Replicate: 1, Deviation: -0.24%
Replicates
206-
' 0.5 ' 1.0
Amount /A m t Std.
2.01.5
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Figure K  TCS
Calibration Curve Report
File: ...\mara\my documents\my documents\varianws_data_etcVhrv_method2.mth 
Detector: 2000 Mass Spec, Address: 40
triclosan
Curve Fit: Linear, Origin; Ignore, Weight; None Resp. Fact. RSD: 44.84%
y = +0.343521 x +0.006590 Coeff. Det.(r2): 0.997620
Level: 6, Replicate: 1, Deviation: -42.13%
256 -
50
1.00' 0.25 ' 0.75' 0.50
Amount/Amt Std.
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Figure L </?-MTCS
Calibration Curve Report
File: ...\mara\my documentsVmy documents\varianws_data_etc\hrv_method2.mth 
Detector: 2000 Mass Spec, Address: 40
d3-MTCS
Curve Fit Linear, Origin: Include, Weight: None Resp. Fact. RSD: 1.920%
y = +1.140169x +8.681936e-4 Coeff. Det.(r2): 0.999579
Level: 1, Replicate: 1, Deviation: -1.07%
Replicates
1.5-
O.fr
'0.5 1.5 2.01.0
Amount / Amt Std.
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Figure M  MTCS
Calibration Curve Report
File: ..AmaraVmy documentsVmy documents\varianws_data_etc\hrv_method2.mth 
Detector: 2000 Mass Spec, Address: 40
methyl-triclosan
Curve Fit: Linear, Origin: Ignore, Weight: None Resp. Fact. RSD: 34.13%
y = +1.152915x +0.022561 Coeff. Det.(r2): 0.997429
Level: 1, Replicate: 1, Deviation. -1.82%
0 .75-
0 .56 -
0 .0&-
1.00' 0.25 0.50
Amount/Ami Std.
' 0.75
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Figure N  g-terphenvl
Calibration Curve Report
File: ...\mara\my documents\my documents\varianws_data_etc\hrv_method2.mth 
Detector: 2000 Mass Spec, Address: 40
p-terphenyl
Curve Fit: Linear, Origin. Include, Weight: None Resp. Fact. RSD: 0.0000%
y = +1.000000x +0.0 Coeff. Det.(r2): 1.000000
Level: 1, Replicate: 1, Deviation:----
999.999900 999.999950 1000.000000 1000.000050
Amount
28
Spike Recovery Study using Sodium Sulfate
Before examining interference issues common in environmental samples, such as fish, 
the behavior of the surrogates and target compounds were evaluated under conditions of 
the candidate analysis method using sodium sulfate as an initial simple matrix. Sodium 
sulfate was baked for at least 4 hours at 130 °C then cooled at 110 °C for a few hours, 
then transferred to glass bottles stored in an oven at 130 °C. Before use it was cooled in a 
dessicator and then spiked with different concentrations of the target compounds to 
evaluate method percent recoveries. Enhanced solvent extraction (Dionex 200. 
Sunnyvale, CA) was used in the extraction step, to free the target compounds (and 
unfortunately co-extractives) from the solid matrix. While most sample associated water 
is removed in the samples by freeze-drying, Na2SC>4 also can function as a drying agent 
to tie up residual moisture, as well as serving as an inert media for initial method 
evaluation. Fish fillets subsequently analyzed in this study consist of about 70-80% 
water. Water removal is critical as the presence of water will inhibit contact between the 
target compounds and the nonpolar solvent used, reducing extraction efficiency. The 
accelerated solvent extraction step consisted of two extraction cycles of 5 minutes. Each 
used DCM at 100 °C and 1000 psi. The extraction vessels were filled with sodium 
sulfate and the amount of sodium sulfate in each vessel was recorded. For optimal ASE 
performance the vessel void volume needs to be filled. In each queue the first vessel 
served as an unspiked blank. Additional vessels were spiked with three different 
concentrations of the target compounds and surrogates, prepared in triplicate. The 
following standards were used: #100708E (0.01 pg/ml), #100708D (0.1 pg/ml), and
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#100708C (1 ng/ml). Each vessel was extracted under the above conditions. 
Approximately 50 ml of extract was obtained from each vessel and collected in 60-ml 
glass ASE collection vials.
After extraction, the extracts were reduced to 8 ml at 30 °C under high purity nitrogen gas 
using a TurboVap II. A lower bath temperature than typically used in the lab was chosen 
to minimize loss of the semi-volatile fragrances HHCB and AHTN; 37 °C is 
physiological temperature, at which the fragrances are meant to volatilize from one’s 
person. The fractions were transferred to 15-ml graduated centrifuge tubes, with tube 
rinses, and further reduced to 8 ml each. The 8 ml fraction was then split into two 4-ml 
aliquots and transferred to gel permeation chromatography (GPC) autosampler (AS) 
vials, labeled with the sample name and vial “A” and “B.” The GPC autosampler only 
injects 2.5 ml from each AS vial containing 4 ml, and collects the fraction eluting from 
15 minutes to 22 minutes in an ASE collection vial. The rest of the fraction is sent to 
waste. For matrices with high molecular weight molecules such as lipids, GPC is utilized 
to remove them. GPC (also known as size-exclusion chromatography or SEC) was 
performed on an Envirosep (Envirosep-ABC®, 350 x 21.1 mm. column; Phenomonex, 
Torrance, CA, USA) column. The column was eluted under isocratic conditions with 
DCM at 5 ml/min. Fractions of approximately 50 ml were collected and then prepared 
for the final clean-up step, SPE. The column was installed on a Waters 600 HPLC, with 
a 717 Autosampler. Fractions were collected using a Foxy fraction collector. The GPC 
autosampler only injects 2.5 ml from each AS vial containing 4 ml (62.5%), and collects 
the fraction eluting from 15 minutes to 22 minutes in an ASE collection vial.
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Fractions were reduced at 30 °C under N2 using the TurboVap II, then transferred to 15- 
ml graduated centrifuge tubes. Each ASE collection vial was rinsed thrice with hexane, 
and all rinses were transferred to the centrifuge tube with the fraction. The fractions were 
then solvent-exchanged from DCM to hexane by reducing each fraction to ~0.5 ml, then 
diluting it to 3 ml with hexane, and reducing the volume again, until the fraction was 
solely in hexane. This solvent exchange was required to eliminate the strong solvent 
(DCM), prior to silica gel purification. The hexane fraction was reduced to 0.5 ml just 
prior to SPE.
SPE columns were first conditioned with 5-7 ml of hexane. For each sample, the 0.5 ml 
GPC-purified extract was transferred to the head of the SPE column, then the centrifuge 
tube was rinsed with 0.5 ml of hexane. The rinse was also transferred to the SPE column 
head. The ports on the SPE vacuum manifold were opened to allow the sample to begin 
eluting, and the ports were closed when the samples eluted to the height of head of the 
column bed. The first fraction, S-l, was eluted with 3.5 ml hexane, and discarded. The 
second fraction (based on the previously described SPE validation exercise), S-2, was 
eluted with 10 ml of 10/40/50 hexane/DCM/acetone. The S-2 was then reduced in the 
TurboVap II to 0.5 ml and transferred to amber 2-ml GC vials. A 0.5 ml hexane rinse 
from the S-2 fraction centrifuge tube was also transferred to the GC vial. The GC vials 
were then spiked with 100 pi of the internal standard, p-terphenyl.
For GC/MS analysis, a Saturn 2000 ion trap MS was employed in tandem with a STAR 
3400x series GC. The GC column used, a DB-5 (60 m, 0.32 mm i.d., 0.25 pm film
31
thickness), provided good resolution. The film thickness is appropriate for semivolatile 
compounds. Compound responses, relative to the internal standard, were established by 
injecting a series of standard solutions. For each analysis (Table 8), six calibration 
standards for the surrogates and six calibration standards for the target compounds were 
processed to build calibration curves. Sample extracts were subsequently injected. It is 
imperative to run calibration standards with each sample set as responses may change 
over time.
Table 8
GC Temperature Program for samples 7MD007-018; 7MD027-035; 7MD036-044; first 
GC-MS analysis of samples 7MD045-061.
Start T 
(°C)
EndT
<°C)
Temp, rate 
(°C/min)
Time
(min)
Total run
time
(min)
75 75 0.0 1.00 57.25
75 300 4.0 56.25
After the GC/MS data were collected, methods for analyzing the chromatographic and 
MS data were applied (VAR1AN WS software). This software enables one to view the 
total ion chromatograms, spectra, calibration curves, and all other pertinent information 
for thorough data analysis to determine percent recoveries of all compounds and other 
information.
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Spike Recovery Study using Fish Tissue “MegaMatrix”
Preparation of the “MegaMatrix”
To determine the efficacy of the proposed method for determination of the target 
compounds and surrogates in real-world fish samples, a spike recovery study was 
designed using fish fillets. Freeze-dried tissues from a VIMS archive of samples were 
obtained. These had been previously examined for contaminants, under the auspices of a 
long-term VA Dept of Environmental Quality (DEQ) monitoring project. Samples were 
selected based on quantity of available tissue, location of collection and results of 
previous preliminary methyl-triclosan determinations. As the goal was to determine the 
effectiveness of the proposed method to quantify levels of the known spiked target 
compounds in a realistic matrix, fish which were believed to contain no or low 
methyltriclosan burdens were selected. It was also hypothesized that 
triclosan/methyltriclosan distributions in fish would be associated with wastewater 
treatment releases or related point sources. Considering their uses in domestic 
applications, musk compounds were expected to track methyltriclosan. Substantial 
amounts of tissue were required to permit the generation of multiple subsamples for 
spiking experiments and background analyte determinations. An important factor 
impacting analytical method success is the amount of co-extractives present, primarily 
lipid. To achieve the goal of creating a representative matrix reflective of the range of 
fish an analyst might need to work with, with adequate tissue to permit multiple replicate
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analyses, several fish of different species were composited to create a reference tissue 
composite or “mega-matrix” (refer to appendix for species, etc.).
Application of Method to Virginia Freshwater Fish Fillets with Field-Incurred 
Burdens
To apply the method to fish fillets from different species and sites, archived DEQ fish 
tissues collected in 2007 were inventoried. Samples were chosen based on amount of 
tissue available, previously estimated MTCS levels, species and sample collection 
location (Table 9).
Table 9
Sample names assigned to VIMS ID numbers with their respective species and locations 
of collection.
Sample Vims ID Species Sample Location
7MDB05 N/A Blank N/A
7MD045 7PF062 Catfish, Blue
Dan River downstream 
of South Boston
7MD046 7PF067 Catfish, Flathead
Dan River downstream 
of South Boston
7MD047 7PF152 Sucker, Redhorse
Middle Fork Holston River 
near Seven Mile Ford
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7MD048 7PF239 Sucker, Redhorse
Dan River near Rt. 880 
upstream of Danville
7MD049 7PF242 Sucker, Redhorse
Dan River downstream of 
Danville
7MD050 7PF243 Carp, Common
Dan River downstream of 
Danville
7MD051 7PF244 Carp, Common
Dan River downstream of 
Danville
7MD052 7PF290 Sucker, Redhorse
Dan River downstream of 
Danville
7MD053 7PF291 Quillback
Dan River downstream of 
Danville
7MD054 7PF292 Catfish, Flathead
Dan River downstream of 
Danville
7MD055 7PF293 Catfish, Flathead
Dan River downstream of 
Danville
7MD056 7PF299 Catfish, Channel South Holston Lake
7MD057 7PF414 Sucker, Stoneroller
Powell River Town of Big 
Stone Gap
7MD058 7PF415
Hogsucker,
Northern
Powell River Town of Big 
Stone Gap
7MD059 7PF418 Carp, Common Lake Accotink
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Hogsucker,
7MD060 7PF456 Northern Guest River near Rt. 72
7MD061 N/A MegaMatrix N/A
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RESULTS & DISCUSSION
Preliminary Study -  Silica SPE separation
For samples 7MD007-009 (S-2: 6.5 ml of 60/40 hexane/DCM, followed by S-3: 10 ml 
acetone) the target compounds eluted in both the S-2 and S-3 fractions. Hence, this SPE 
method was eliminated from further consideration. It was based on a modified method 
used to process fish tissue for recent studies of contaminants in fish for the VA 
Department of Environmental Quality. For samples 7MD010-012, the 10 ml of 50/50 
DCM/acetone did not elute the more lipophilic compounds HHCB, AHTN, and MTCS 
efficiently. The percent recoveries for TCS (62.2 %) and <7j-TCS (65.0 %) were also low. 
The percent recoveries for samples 7MD013-015 (10 ml of 90/10 DCM/hexane) were the 
highest for all compounds (<7?-TCS, 71.0 %, and <7?-MTCS, 71.9 %). For samples 
7MD016-018, the eluent (10/40/50 hexane/DCM/acetone) was used to attempt to achieve 
a balance of the lipophilicity and polarity of the eluent to optimize percent recoveries. In 
retrospect, one would have chosen to elute the sample with 90/10 DCM/hexane, as the 
percent recoveries for all compounds were high and consistent. For samples 7MD010- 
018, the average percent recoveries for both surrogates, <7j-TCS (66.7 %) and <7?-MTCS 
(67.1 %), were fairly high, and also consistent, no matter what eluent method was used. 
The d3-labelled TCS and MTCS appeared to be excellent choices as surrogate standards. 
They do not occur naturally and behaved similarly to TCS and MTCS during the SPE 
processing. Also, both c/j-TCS and <7?-MTCS are bicyclic compounds, which resemble 
the bicyclic AHTN and tricyclic HHCB structures. At the time of project initiation no
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mass-labeled surrogate compounds for the fragrances were available, but recently, a 
deuterated analog of HHCB has become available. This would have been valuable to 
implement due the relatively high volatility of the musks. The trial concentrations were 
high because the impetus during method development is to visualize the recovery of 
target compounds, possibly from multiple fractions. Higher concentrations of 
compounds result in larger peaks in the chromatogram, hence greater sensitivity, as well 
as better spectra, facilitating identification. Subsequent method development work at 
lower concentrations is, however, indicated to more fully establish compound behavior in 
the method across the concentration gradient of interest (Graph 1). A higher percent 
recovery for AHTN was observed in samples 7MD007-018 than for HHCB. HHCB is a 
tricyclic musk, while AHTN is bicyclic, and more closely resembles the bicyclic 
structures of the surrogates.
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Graph I
Preliminary SPE Study
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Spike Recovery Study using Sodium Sulfate
The sample set 7MD027-029 was the lowest-nominal concentration group, each replicate 
receiving 6.25 ng of target compounds. Therein was an anomalously high recovery of 
HHCB, 351%. This may attributable to background HHCB contamination. At the lowest 
concentrations, some of the chromatographic peaks required manual integration after 
HHCB spectrum verification. The AHTN mean recovery was 99.2 % from the low dose 
spikes. This may also indicate some AHTN background, as previous spike studies 
suggested lower expected AHTN recoveries. Both surrogate standards, Jj-TCS and tis- 
MTCS, had reasonable recoveries of 60.4 % and 66.5 %, respectively. These were 
spiked at a comparatively high level, 1250 ng. These surrogates, being isotopically 
labeled, would not be expected to be found in the environment or be likely lab 
contaminants. The recovery of the low dose triclosan was also anomalously high, 839 %. 
As triclosan is fairly polar, it was anticipated that it would be more poorly extracted from 
matrices, tend to sorb more strongly to surfaces during purification and chromatograph 
more poorly than nonpolar target compounds. Examining the calibration curves for 
triclosan for 7MD027-029, it is apparent that the response relative to the internal standard 
was very low. The peak areas were small and required manual integration, also leading 
to greater potential for error. The software used the reference spectra to compare the 
spectra from the data for HHCB, and all other compounds. Derivatizatipn of triclosan 
likely would improve triclosan determination. However, it requires substantial sample 
handling, including additional solvent reductions to dryness and extract heating. This 
would have greatly decreased fragrance recoveries. Therefore, a compromise was made
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to accept likely lowered triclosan recoveries in order to optimize fragrance recoveries. 
Being polar, triclosan also was not expected to bioaccumulate greatly in fish and thus was 
less of a priority. In contrast to triclosan, less polar MTCS had a 119 % recovery for the 
Na2S04 spiked with 6.25 ng (7MD027-029)..
Samples 7MD030-032 were spiked with the target compounds at 10-fold higher amounts 
(i.e. 62.5 ng) and with the same amount of the surrogates, 1250 ng. Apparent fragrance 
recoveries were lower than with the 6.25 ng spikes, HHCB recovery was 58.1 %, while 
AHTN recovery was 33.1 %. The surrogates, ^/j-TCS and Jj-MTCS, had good recoveries 
of 78.8 % and 74.6 %, respectively. The apparent triclosan recovery was again high, 
276%, but less extreme than for the 6.25 ng spike drill. Its spectrum was somewhat 
difficult to identify because fragments of its surrogate, <26-TCS, co-eluted with TCS.
This, in turn, made it difficult to manually integrate, increasing potential error. In 
contrast, the MTCS recovery was good, 77.3 %.
The cumulative mean recoveries for the surrogates for all samples, including the blank 
7MDB03 and samples 7MD027-035, were 75.8 % for ^-TCS and 73.5 % for ^-MTCS. 
The mean HHCB recovery was 158 %. This inflated average was affected by the 
apparent high recoveries at the low spike, 6.25 ng. This may have been the result of 
either background contamination or errors in determination of the peak areas at low 
levels. The recovery for AHTN, 54.2 %, may also be somewhat inflated for similar 
reasons. Recoveries were much less than 100% on average as the fragrances are fairly 
volatile and thus are subject to losses during solvent reduction steps. Losses may also
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occur during freeze-drying of wet fish samples, and storage in freezer of samples at any 
point during processing. The abnormally high mean recovery for triclosan, 441 %, is also 
in some part an artifact of the extreme recoveries at the low spike levels. The recovery 
was about half of this at the higher spikes, although still over twice nominal. This 
indicates that alternative analysis methods may be needed to accurately quantify 
triclosan. The MTCS recovery was good, 89.2 % (Graph 2).
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Graph 2
Na2S04 Spike Recovery Study
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Spike Recovery Study Using the Fish “MegaMatrix”
The fish species comprising the MegaMatrix have been summarized in the Appendix. 
Lipid analysis was performed on each sub-sample pulled from the bulk reference 
material, 7MD036-044, prior to GPC analysis. The GPC column and guard column 
should not be overloaded with lipids. The lipid content of a sample should be determined 
prior to GPC analysis. If greater than 200 mg, the sample should be diluted to optimize 
lipid removal. Table 14 below indicates the percent lipid of the subsamples. These, as 
expected, were similar, as they are derived from a pooled sample of fish tissue. The 
mean percent lipid content of the MegaMatrix was 3.7 % +/- 0.2 %.
Ten g of dry tissue were originally subjected to enhanced solvent extraction in each case 
using the ASE. For samples 7MDB04 and 7MD036-044, the expected amount of each 
compound was calculated after correction for the lipid determination fraction removed or 
the extract aliquot not injected on the SEC/GPC (Tables 15, 16). For lipid 
determinations, 10 % of the ASE extract of each sample was removed and 
gravimetrically measured. Only 62.5 % of the ASE extract is injected into the GPC 
column due to the configuration of the sample injection loops and the need to reduce 
sample viscosity. Percent recoveries were calculated as the amount of compound 
quantified divided by the expected amount, multiplied by 100. These percent recoveries 
were not corrected for surrogate recoveries.
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There is a risk of laboratory contamination from fragrances due to their high usage in 
widely used shampoos, skin care products and perfumes. However, no background 
concentrations of the target compounds were detected in the blank, 7MDB04. The 
detection of triclosan may be a false positive attributable to a contribution related to high 
levels of its surrogate, <7j-TCS. The recoveries for surrogates ds-TCS (103.4 %) and Jj- 
MTCS (92.0 %) in this blank were quite acceptable.
The sample set 7MD036-038 consisted of the unamended fish control group; all ASE 
vessels contained 10 g MegaMatrix and were spiked only with the surrogate standard 
(#100708A). Nonetheless, apparent recovery of HHCB was high, 244 ng. One 
possibility is that this is attributable to background HHCB concentration in the fish 
tissues selected for the MegaMatrix. The much higher amount quantified than spiked 
into the subsequent samples is consistent with this possibility. The AHTN recovery was 
132 ng, which may also be indicative of a background AHTN concentration in the 
MegaMatrix. No previous spike studies presented such high AHTN recoveries (except 
for samples 7MD027-029). It has been observed by other researchers that the HHCB 
concentration in fish tissue is often approximately three times higher than the AHNT 
concentration. In the context of ratios in actual fish tissues, these data appear reasonable. 
In comparison to the HHCB and AHTN recoveries from samples 7MDB03 and 7MD025- 
027, the HHCB to AHTN ratios in these fish samples shifted from 4:1 to 2:1. Both 
surrogate standards, Jj-TCS and Jj-MTCS, had recoveries of 103 % and 88.2 %, 
respectively. No triclosan was observed in the unspiked MegaMatrix. Fish tissues have 
not been demonstrated to have high levels of triclosan, likely due to its low lipophilicity.
45
GC/MS response factors for triclosan were also low, which limits method sensitivity. No 
MTCS was detected in these unamended fish samples (7MD036-038), which is consistent 
with previous data on the samples collected with an unoptimized method.
Samples 7MD039-041 were spiked with 1 ml of standard #100708D (0.1 pg/ml target 
compounds) and 1 ml of #100708A (surrogates). HHCB recovery dropped to 73.1 %. e 
AHTN recovery also decreased to 60.2 %. The surrogates, <7j-TCS and <7?-MTCS, had 
recoveries of 102 % and 92.6 %, respectively, similar to 7MD036-038. Triclosan 
recovery was high at 141 %. The <7?-MTCS recovery was good, 92.6 %.
For samples 7MD042-044, fish tissue was spiked with 1 ml of standard #100708C, 
containing all target compounds at lpg/ml, as well as the surrogate standard (#100708A). 
Both the HHCB and AHTN recoveries for 7MD042-044 (74.9 % and 54.5 %, 
respectively) were lower compared to 7MD036-041. The percent recoveries for both 
surrogates were high, with a recovery of 171 % for d^~TCS and 188 % for <7j-MTCS.
The triclosan recovery remains high at 107 % with no readily plausible explanation. The 
MTCS recovery, 84.2 %, was reasonable {Graph 3). Refer to Figures O, P for 
chromatograms for these samples. Refer to Figures Q, R for the spectra used for 
identification of the compounds.
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Figure O
Total ion chromatogram for target compounds from sample 7MD043 at 1 ng/g (LOD).
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Figure P
Chromatograms for each compound from sample 7MD043, “MegaMatrix” spiked with 1 
ug target compounds. Compounds are presented from top to bottom in the order of 
HHCB, AHTN, </5-TCS, TCS, </3-MTCS, MTCS,p-terphenyl.
MCounts
0  100~
*"4 0.5U—
n n v
?— -
<j> 7rndU43f1.sms ions: 2 4 3 .0 + 2 1 ^4  lajX;
~  J l l  -
lCQ V ■ i —
. 0  , — ........... - .......-...... ......... —  — l~
kCounts- 
p l  400- 
“  200- 
V
fn 7m d043rl.srns Ions: 243.U+187.IJ, 
m i kiurcn jM/m
....................... . J , ___________  . . .  _  _ __ _____ ________ i
kCounts" 
r i  100- 
^  50 - 
v
m '' .....  ' " ' ^m -
kCountsE
El 1004
IV
7rndU43r1 .srns Ions: 288.0:290.Cjj
f  J
m
kCountsi 
1  50-j 
V
P  ?md043r'i srns Ions' 305 0.307 0 iol'-J
j -
fvl County
E l 1.CH
n V
^  7md043t1 .srns ions' 302.IJ.304.QL U P l
1  J \  1
kCount^ 
0  70^
50-:
r -r_ 1.... -  * •— | ■ ’ " T  1.... r_ 1 1...1 1.....< i '■ ■ '
^  7rnd043r1.sms Ions: |p0.U
' i
minutes
48
Figures Q-W
The spectra obtained for each compound for all samples were compared to reference 
spectra for accurate identification. These spectra are from sample 7MD043, MegaMatrix 
spiked with 1.0 ug of target compounds. The top spectra are the results obtained from 
Sample 7MD043, while the bottom spectra in each set are the reference spectra.
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Application of Method to Unknown Freshwater Fish Tissue Samples
For application of the method to determining field-incurred levels of the target 
compounds in actual fish samples, freeze-dried fish tissue samples previously examined 
under the auspices of a recent contaminants monitoring project were inventoried. 
Samples that had sufficient tissue amounts to process (>20 g) and were believed to 
contain detectable levels of MTCS, based on preliminary results obtained from a multi­
residue method optimized for semi-volatile, aromatic pollutants such as PCBs, were 
selected. Samples consisting of fish from eight different species were processed for the 
identification and quantification of HHCB, AHTN, TCS, and MTCS. The following 
table depicts which sample numbers were assigned to which VIMS ID numbers, as well 
as the corresponding fish species. Table 10 also presents the estimated MTCS results 
from the above-mentioned PCB study. MTCS concentrations were not corrected for 
surrogate recoveries.
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Table 10
Sample names assigned to VIMS ED numbers, which correspond to sample collection 
locations. Results of MTCS burdens on a dry weight basis.
Sample
MTCS ng/g 
Dry wt. basis,
% Lipid Sample
Location Common name
7MD045 2.82 0.0
Dan River 
downstream of 
South Boston Catfish, Blue
7MD046 4.18 5.0
Dan River 
downstream of 
South Boston Catfish, Flathead
7MD047 11.2 11.1
Middle Fork 
Holston River 
near Seven Mile 
Ford Sucker, Redhorse
7MD048 53.2 8.4
Dan River near 
Rt. 880 
upstream of 
Danville Sucker, Redhorse
7MD049 13.9 7.8
Dan River 
downstream of 
Danville Sucker, Redhorse
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7MD050 9.91 6.0
Dan River 
downstream of 
Danville Carp, Common
7MD051 10.3 6.3
Dan River 
downstream of 
Danville Carp, Common
7MD052 32.9 6.3
Dan River 
downstream of 
Danville Sucker, Redhorse
7MD053 10.3 14.8
Dan River 
downstream of 
Danville Quillback
7MD054 20.1 5.3
Dan River 
downstream of 
Danville Catfish, Flathead
7MD055 20.6 8.9
Dan River 
downstream of 
Danville Catfish, Flathead
7MD056 3.82 7.1
South Holston 
Lake Catfish, Channel
7MD057 70.9 19.7
Powell River 
Town of Big
Sucker,
Stoneroller
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Stone Gap
7MD058 17.5 12.2
Powell River 
Town of Big 
Stone Gap
Hogsucker,
Northern
7MD059 2.04 3.7 Lake Accotink Carp, Common
7MD060 15.5 9.1
Guest River 
near Rt. 72
Hogsucker,
Northern
7MD061 0.0 2.8 N/A MegaMatrix
The fish selected for application came from a variety of freshwater locations in Virginia 
{Table 10). There were two lakes in this sample set, at South Holston Lake (7MD056) 
and Lake Accotink (7MD059). Sample 7MD048 was from the Dan River upstream of 
Danville, while samples 7MD050-055 were collected downstream of Danville. The 
species of the fish, their lipid content, and location of the sample all affect the potential 
bioaccumulation of the target compounds. Other factors, such as gender, age and 
reproductive status, may also be germane. However, those factors were not addressed 
here.
The catfish generally contained the highest percent extractable lipid content, ranging
from 5 -1 9 .7  %. The closely related sucker ranged 6.0 -  14.8 % lipid. Carp were the
next most fatty, ranging from 6.3 -9.1 % lipid. The quillback had a lipid content of 5.3
%, which was comparable to that of the fish MegaMatrix, 3.7 % lipid. Hogsuckers were
lower in fat (2.8 -  3.7 % lipid). The MegaMatrix was designed to mimic the average fat
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content of freshwater fish. However, the overall average fat content of the samples in 
this set was higher, 8.4 %. Higher lipid content fish are more difficult to process as the 
co-elevated extractives may interfere with GC/MS analysis.
After processing samples 7MDB05 and 7MD045-061 and then analyzing them on the 
GC/MS, the data collected were processed using the VARIAN WS software. The 
calibration curves were built and appeared linear with high r-squared co-efficients (refer 
to Appendix). The slopes of these lines relate to the response factors. Large slopes are 
desirable as they indicate substantial differences in areas as a function of changes in 
amounts of the compound. This allows one to better measure concentration differences 
between samples. Some problems were encountered when identifying and quantifying 
the target compounds, and even surrogate and internal standards, using various methods 
edited continuously on the VARIAN WS. To build the calibration curves, the retention 
times for each compound were determined from the spectrum of a centroid file from the 
calibration curve. These retention times were then inserted into the software method to 
analyze the data files for the presence of the compounds. In cases where compounds 
were not initially identified, despite numerous manipulations of the software method 
parameters, manual integration of the chromatograms was required. Examination of 
some chromatograms of the fish fillet extracts revealed significant shifts in retention 
times of the target compounds. High lipid content of the fish samples, contributing to 
build-up of poorly volatile materials on the GC column, was suspected to play a role in 
this phenomenon. As it basically was a replicate of samples examined in the previous 
matrix-spiking exercise, the last file, 7MD061R1 was examined more closely. It
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consisted of 10 g of MegaMatrix spiked with 0.1 ml of standard #100708B (10 pg/ml 
HHCB, AHTN, TCS, MTCS); the same concentration at which samples 7MD042-044 
were spiked in the previous study. After broadening both the search and integration 
windows on the software, the internal standard was identified and quantified in 
7MD061R1. All target compounds and surrogates were subsequently identified and 
quantified (except for TCS, which was non-quantifiable). However, retention times were 
significantly shifted from those of the calibration curve standards in sample 7MD061R1. 
All compounds eluted later, except for c/j-TCS and TCS, which eluted earlier.
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Figure X
TIC for sample 7MD061, first run. 7MD061 was the MegaMatrix (sprked with 1.0 ug
This sample is a replicate of sample 7MD043target compounds)
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Figure Y
Chromatograms for each compound from sample 7MD061 (first run), “MegaMatrix” 
spiked with 1 ug target compounds. Compounds are presented from top to bottom in the 
order of HHCB, AHTN, d3-TCS, TCS, Jj-MTCS, MTCS,/?-terphenyl.
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Accordingly, it was decided to re-run the entire sample set on the GC/MS, 7MDB05 and 
7MD045-061, using a new GC temperature program (Figures X, Y; Table 11) to facilitate 
“bake-off’ of residual lipid from the previous samples. The first temperature program 
stopped at 300 °C, but when 7MDB05 and 7MD045-061 were re-run, the column was
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baked off to 350 °C. Also, the column was maintained at 350 °C and additional 11 
minutes after each sample was processed, in an attempt to clear the column of residual 
compounds, such as fatty acids and other lipids. Finally, the samples were processed in 
order from lowest to highest lipid content (Table 13). These measures were intended to 
reduce the accumulation of fatty residues on the GC column.
Table 11
GC Temperature Program, adjusted to facilitate removal of co-extracted residues 
interfering with chromatography, for the second GC-MS analysis of samples 7MD045-
061.
START (°C) END(°C) RATE (°C/min)
TIME
(min)
TOTAL RUN 
TIME (min)
75 75 0.0 1.00 69.75
75 350 4.0 68.75
The calibration curves were linear, indicating good response factors for each compound 
{Table 12). The method limits of detection and limits of quantitation were determined to 
be 1 pg/kg (lipid basis) for each compound. The calibration curves were presented in the 
GC/MS Calibration Curve Standards section of the methods.
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Table 12
The r2 co-efficients for the calibration curve used to re-process samples 7MDB05-061.
Cmpd. r2 coefficient
HHCB 0.945804
AHTN 0.999432
<£-TCS 0.999179
TCS 0.997653
Jj-MTCS 0.999579
MTCS 0.997429
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Table 13
Samples 7MD045-061 were re-processed using GC-MS in the following order, from 
lowest to highest lipid content.
Sample
Order
7MDB05R2
7MD060R2
7MD058R2
7MD061R2
7MD045R2
7MD053R2
7MD049R2
7MD050R2
7MD051R2
7MD055R2
7MD048R2
7MD047R2
7MD054R2
7MD059R2
7MD046R2
7MD057R2
7MD052R2
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7MD056R2
After re-processing samples 7MDB05-061, the TIC and the chromatograms for each 
compound exhibited less noise {Figures S, T).
Figure S
TIC for sample 7MD061, re-processed. 7MD061 was the MegaMatrix (spiked with 1.0
ug target compounds). This sample is a replicate of sample 7MD043.
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Figure T
Chromatograms for each compound from sample 7MD061 (re-processed), “MegaMatrix” 
spiked with 1 ug target compounds. Compounds are presented from top to bottom in the
order of HHCB, AHTN, ^-TCS, TCS, ^-MTCS, MTCS, p-terphenyl.
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In the blank, 7MDB05, the surrogates exhibited acceptable recoveries of 60.1 % and 63.8 
%, for dj-TCS and <7j-MTCS, respectively. The dry, wet, and lipid weights for all 
compounds are presented in Graphs 4, 5, and 6. For samples 7MDB05 and 7MD045- 
061, dj-TCS recovery was 87.5 % and Jj-MTCS, 71.7%. Based on polarity, the most 
appropriate surrogate for use in correcting recoveries of the target compounds was d^-
66
MTCS. Even though the mean recovery for </j-MTCS was lower than that of <ij-TCS, d$- 
MTCS more closely resembles MTCS and the fragrances in structure. Also, a^-MTCS 
appeared to behave more consistent with MTCS, HHCB, and AHTN throughout sample 
processing. Based on its lipophilicity and published literature, triclosan was not 
anticipated to bioconcentrate in fish. It also was expected to present some extraction and 
sorption obstacles based on its polarity. Thus, optimization of the method was weighted 
primarily towards the other three target compounds.
A trace amount of triclosan was detected in the blank, 7MDB05, and upon examining the 
spectra, this did not to be a false positive. Sample 7MD045 was a blue catfish with only 
5 % lipid content. No target compounds were detected and the recovery for Jj-MTCS 
was high (75.5 %). High Jj-TCS recovery was also observed, 109%. None of the target 
compounds were detected in sample 7MD046, a flathead catfish. It exhibited a relatively 
high lipid content, 11.1 %. This is several fold higher than the MegaMatrix. Recovery of 
dj-MTCS and <7?-TCS were good, 64.2 % 106%, respectively. Both 7MD045 and 
7MD046 were collected downstream of the town of South Boston on the Dan River. In 
sample 7MD047, MTCS was present in a Redhorse sucker (8.4 % lipid) at 2.1 ng/g (dry 
wt basis). The recovery of Jj-MTCS and <7?-TCS remained fairly high at 72.4 % and 
83.3%, respectively. Sample 7MD047 was collected from the Middle Fork Holston 
River near Seven Mile Ford. There is a WWTP at South Boston.
Samples 7MD048-055 were collected from the Dan River, downstream of Danville. 
Sample 7MD048, another Redhorse sucker (7.8 % lipid), had a MTCS concentration of
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8.8 ng/g (dry wt.). However, both the <7rMTCS and <7j-TCS recoveries had decreased to
58.2 %. Another Redhorse sucker (7MD049) contained 6.0 % lipid and 2.9 ng/g MTCS 
(dry wt.). The Jj-MTCS and <7j-TCS recoveries were 53.2 % and 66.5%, respectively. 
There appeared to be a trend of decreasing surrogate recoveries as the analysis 
progressed, in spite of attempts to optimize the GC/MS program.
Sample 7MD050 consisted of common carp with a lipid content of 6.3 %. and MTCS 
was detected at 2.0 ng/g (dry wt.). The Jj-MTCS and <7j-TCS recoveries were 47.7 % 
and 41.5%, respectively. 7MD051 also consisted of common carp with 6.3 % lipid. No 
target compounds were detected therein. The recovery for <7j-MTCS declined to 41.5 %, 
but that of di-TCS was slightly higher at 63.1%. Sample 7MD052, a high lipid Redhorse 
sucker (14.8 %) had no detectable levels of HHCB, AHTN, TCS, or MTCS. The <7?- 
MTCS recovery improved slightly to 52.9 % and <7rTCS to 74.4%.
Sample 7MD053 was a quillback with 5.3 % lipid. It was anomalous as no <7j-TCS could 
be detected, but <7j-MTCS recovery increased to 68.8 %. HHCB was the only target 
compound present, at 88.5 ng/g (dry wt.). Sample 7MD054 consisted of flathead catfish 
(8.9 % lipid). It contained 0.8 ng/g HHCB (dry wt.) and 8.2 ng/g MTCS (dry wt.). The 
<7?-MTCS and <7?-TCS recoveries were 47.3 % and 64.2%. Sample 7MD055 was also a 
flathead catfish (7.1 % lipid). Its Jj-MTCS recovery was 48.8 %. The recovery of <7j- 
TCS was only 35.5%. HHCB was detected at 3.9 ng/g (dry wt.) and MTCS at 3.4 ng/g 
(dry wt.).
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Sample 7MD056, collected from South Holston Lake, was a channel catfish with an 
exceptionally high lipid content, 19.7 %. No target compounds were detected in 
7MD056. The <7?-MTCS recovery remained low, 48.8 %, while the d?-TCS recovery was 
high at 94.7 %. Both samples 7MD057 and 7MD058 were taken from Powell River near 
the town of Big Stone Gap. Sample 7MD057 was a stoneroller sucker (12.2 % lipid). No 
target compounds were detected. The c/?-MTCS recovery increased to 72.8 % and <7?- 
TCS recovery remained high at 87.1%. Sample 7MD058, a northern Hogsucker had low 
extractable total lipid at 3.7 % lipid. It exhibited a HHCB level of 14.3 ng/g (dry wt.) and 
a MTCS concentration of 3.7 ng/g (dry wt.). The <7j-MTCS and <7j-TCS recoveries were 
only 39.8 % and 24.1%, respectively.
Lake Accotink provided the next sample, 7MD059, a common carp with a lipid content 
of 9.1 %. Sample 7MD059 had a poor (Tj-MTCS recovery of 35.4 %, but a <7j-TCS 
recovery of 79.3%. The spectrum indicated that MTCS was present in 7MD059, after 
manual integration, at 657 ng/g (dry wt.). This concentration is exceptional. All spectra 
of MTCS and other compounds were compared to reference spectra. After identifying 
the target compounds by their spectra, the chromatograms were examined for good peak 
shape and size, and baseline noise. If the spectra matched, and the peak looked good 
(Gaussian), then the peak was manually integrated. The results for sample 7MD059 may 
be questionable overall, as there was an issue during accelerated solvent extraction. After 
the sample set 7MDB05, 7MD045-061 had finished extracting on the ASE, all ASE 
collection vials contained the appropriate volume of extract, except for 7MD059, which 
was completely empty. It was decided to re-extract 7MD059 on the ASE. However, a
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failure to extract or a re-extraction of this sample in itself does not adequately explain the 
high MTCS concentration. Sample 7MD060 was collected from the Guest River, near 
Rt. 72. It consisted of northern Hogsucker with a lipid content of 2.8 %. Its drMTCS 
recovery was only 37.4 %, but the <7j-TCS recovery was 60.6 %. The spectra and 
chromatogram for d$-MTCS appeared acceptable. HHCB was identified by spectra, but 
the extreme level (13500 ng/g, dry wt.) is clearly anomalous.
Sample 7MD061 was a re-analysis of the fish MegaMatrix. It contained 4.2 % lipid. Its 
<7j-MTCS recovery was low, 38.6 %, and that of Jj-TCS even lower, 25.3%. The 
MegaMatrix had been spiked with 0.1 ml of #100708B (10 pg/ml HHCB, AHTN, TCS, 
MTCS). Triclosan was not detected in 7MD061, but HHCB was at 14.5 ng/g, AHTN at
9.2 ng/g, and MTCS at 21.6 ng/g (dry weight basis) (Table 22). The recoveries for the 
musks added were very low: HHCB at 1.8 % and AHTN at 1.2 %. The MTCS recovery 
was only 2.8 %, and none of these percent recoveries were comparable to those of the 
previous study of the spiked MegaMatrix. Since samples 7MD045-061 were processed 
in order of lowest to highest lipid content, it is interesting to examine the trend of dj- 
MTCS recovery throughout the sample queue. However, there appeared to be no 
correlation between the lipid content and ds-MTCS recovery (refer to the Appendix).
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Each patterned bar represents an individual sample, on a dry weight basis, ng/g.
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Each patterned bar represents an individual sample, on a wet weight basis, ng/g.
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Each patterned bar represents an individual sample, on a lipid weight basis, ng/g.
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CONCLUSIONS
The manufacture and use of pharmaceuticals and personal care products is widespread. 
Their continuing release into the environment has earned them the moniker of “pseudo- 
persistent” chemicals and results in potentially high exposure of organisms. During 
wastewater and sewage treatment, lipophilic musks and MTCS sorb to processed sludge 
and biosolids, while more polar triclosan and its metabolites may be released with 
effluent (Lishman et al., 2006). The target compounds were chosen due to their high use 
and potential to bioaccumulate in aquatic biota such as fish; these compounds are 
hydrophobic, lipophilic, bioaccumulative, recalcitrant, ubiquitous and potentially toxic.
For the application of the method to fish tissue samples with field-incurred burdens of 
target compounds, several trends were noticed in the results. The mean dj-MTCS 
recovery was good at 71.7 % for samples 7MDB05 and 7MD045-061. Neither the lipid 
content nor the species of fish appeared to impact the <i?-MTCS recovery. HHCB was 
detected in samples 7MD053, 7MD054, 7MD055, and 7MD058 (range 0.8-14.3 ng/g, dry 
wt.). Neither AHTN nor TCS were detected in any of these fish fillet samples. MTCS 
was present in samples 7MD047-050, 7MD054-055, and 7MD058-059. Samples 
7MD047-049 were Redhorse sucker from three separate locations, and all had similar 
lipid contents. The MTCS levels in 7MD047-049 ranged from 2.1 -  8.8 ng/g, dry wt.). 
Sample 7MD050 was a common carp from the Dan River, with a lipid content of 6.3 % 
and MTCS content of 2.0 ng/g (dry wt.). Samples 7MD054-055 (7.1-8.9 % lipid) were 
both flathead catfish collected from the Dan River downstream of Danville. Sample
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7MD054 had 8.2 ng/g (dry wt.) MTCS, while 7MD055 had 3.4 ng/g MTCS (dry wt.). A 
northern Hogsucker from Powell River Town of Big Stone Gap (7MD058), containing 
3.7 ng/g MTCS (dry wt.), had a lipid content of 3.7 %. Sample 7MD059 was collected 
from Lake Accotink. MTCS has been detected in the environment near anthropogenic 
sources, but has not thus far been identified in remote lakes lacking anthropogenic input 
(Balmer et al., 2004; Lindstrom et al., 2002). Sample 7MD059 was a common carp (9.1 
% lipid) with no quantifiable levels of MTCS.
Samples 7MD045-046 (catfish) were collected downstream of South Boston, where there 
is a WWTP. Sample 7MD045 contained 4.88 ng/g (dry wt) MTCS from the first data set, 
but did not exhibit MTCS in the re-runs. The DEQ 2007 study determined 2.8 ng/g (dry 
wt.) MTCS for 7MD045 and 4.2 ng/g (dry wt.) MTCS for 7MD046. Sample 7MD046 
had a lipid content of 11.1 %, which is double the lipid content of 7MD045 (5.0 % lipid), 
which may reflect some relationship between lipid content and MTCS burdens.
However, different clean-up procedures and GC/MS methods were employed to 
determine those data, so the MTCS concentrations are not directly comparable. Sample 
7MD047 (sucker; 8.4 % lipid), from the Middle Fork Holston River, contained 11.3 ng/g 
(dry wt.) and 2.1 ng/g (dry wt.) MTCS, first and second runs respectively, and the DEQ 
study determined 11.2 ng/g (dry wt.) MTCS. The first processing of 7MD047 compares 
well with the DEQ results. From the Guest River, sample 7MD048 (sucker; 7.8 % lipid) 
contained 8.8 ng/g (dry wt., re-run), which was lower than the reported DEQ MTCS 
concentration, 53.2 ng/g (dry wt.). Samples 7MD047-048 are rivers on which, at various 
locations, WWTPs release effluents. Even at further distances from WWTP effluent
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releases, some fish may contain burdens of MTCS and the PCMs. In addition fish are 
mobile and thus may move in and out of high exposure zones. Sampling of sessile 
species, such as bivalves, would avoid this variable.
Samples 7MD049-055 (carp, catfish, suckers, quillback) were collected from the Dan 
River, and there is a WWTP nearby Danville. Only samples 7MD049-050 (sucker, 2.0 
ng/g; carp, 2.9 ng/g, respectively; dry wt.) and 7MD054-055 (8.2 ng/g, 3.4 ng/g; dry wt.) 
contained MTCS during the re-runs, while all DEQ results indicate that all fish from the 
Dan River locations contained MTCS (range 9.9 - 32.9). Samples 7MD057-058 were 
collected from the Powell River, which is again exposed to WWTP effluents at various 
points. During the first processing, 14.7 ng/g (dry wt.) MTCS was detected in 7MD057 
(12.2 % lipid, sucker), but not during the re-run. The DEQ results determined a high 
MTCS burden, 70.94 ng/g (dry wt.). The second processing of 7MD058 (3.7 % lipid, 
sucker) indicated 3.7 ng/g (dry wt.) MTCS, while DEQ results determined 17.5 ng/g (dry 
wt.). Sample 7MD060 (2.8 % lipid, sucker) was collected from the Guest River, and 
DEQ determined 15.5 ng/g (dry wt.) MTCS, but the current method did not detect any 
MTCS, during either processing.
Sample 7MD056 (19.7 % lipid, catfish) was from South Holston Lake and sample 
7MD059 (9.1 % lipid, carp) was from Lake Accotink, which are isolated from direct 
WTTP effluent output. This study did not detect any MTCS in either sample from the 
lakes, although the DEQ study did detect 3.8 ng/g (dry wt.) MTCS in 7MD056 and 2.0 
ng/g (dry wt.) MTCS in 7MD059. However, analysts in the DEQ sponsored study did
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not employ deuterated MTCS as a surrogate, but rather a mixture of polycyclic aromatic 
compounds and polychlorinated biphenyls as surrogates. The low MTCS burdens 
determined in the DEQ study may be a result of using surrogates not as appropriate for 
MTCS as dj-MTCS. Despite higher lipid contents, this study found no MTCS present, 
while the DEQ study reported low MTCS burdens. To date, no MTCS burdens have 
been documented in fish sampled from Virginia lakes.
Burdens of all target compounds were also calculated on a wet-weight and lipid-weight 
basis. Wet weight burdens are lower than lipid weight burdens, as fish consist of about 
70-80% water and only 5-10% by weight lipid. Different species of fish exhibit different 
percentages, especially for lipids. Lipid-based calculations tend to normalize out species 
and tissue differences in concentrations of lipophilic persistent contaminants. However, 
most regulatory fish consumption limits are based on fresh or wet weight. Lipid in the 
present study was defined as materials readily extracted using a nonpolar solvent, in this 
case methylene chloride. Highly polar lipids would not be quantitatively extracted, but 
nonpolar contaminants such as the target compounds would preferentially associate with 
the nonpolar fats. Samples 7MD047-050 had 3-11 ng/g MTCS wet weight basis, while 
7MD054-0005 and 7MD058 exhibited 9 ng/g, 5 ng/g and 10 ng/g, MTCS respectively. 
The lipid weight adjusted MTCS concentration for 7MD047-050 ranged from 9-41 ng/g; 
while 7MD048, (sucker, 7.8 % lipid) had 41 ng/g MTCS (lipid weight). MTCS was non 
quantifiable in 7MD056-057. Samples 7MD059-060 had no MTCS detected.
Gatermann et al. (2002) analyzed several species of fish for MTCS, HHCB, and AHTN. 
They determined wet weight levels of MTCS in white fish and roach (pooled) to range
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from 47-258 ng/g. Ln white fish, the wet weight ranged from 5.4-50 ng/g. HHCB 
burdens in fish (tench, crucian carp) ranged from 440-3600 ng/g wet weight, while the 
lipid weights ranged from 0.6-160 ng/g (fish: perch, pike perch, rainbow trout, brown 
trout, crucian carp, chub, tench, rudd). AHTN in tench and crucian carp varied from 34- 
1500 ng/g wet weight and the lipid weight ranged from 0.2-42 ng/g (fish: perch, pike 
perch, rainbow trout, brown trout, crucian carp, chub, tench, rudd). The burdens for the 
target compounds in the Gatermann et al. study may result from differences in species, 
lipid content, sources of sample collection, usage of the compounds studied, and other 
factors.
A larger sample set featuring more species with more replicates per species and per 
location would provide more comprehensive data to trace PCMs and MTCS burdens in 
fish and other biota. Additional clean-up methods should be explored to minimize PCM 
loss; MTCS appears to be well retained by a fish sample matrix. For spike recovery 
studies, a “MegaMatrix” should be comprised of species with higher lipid content. The 
lipid content of the MegaMatrix was 3.7 +/- 0.2 %, which was approximately half the 
mean lipid content of the unknown fish tissue samples (8.4 +/- 4.3 % lipid). Perhaps 
other stationary phases for the GC column could be investigated. Lowering the 
temperatures while maintaining high pressures during clean-up extraction procedures 
(i.e., ASE, GPC) may reduce semi-volatile PCM loss. Also, the analytical method should 
be revisited, with the aim of reducing further the amount of interfering co-extractives 
delivered to the GC column and MS. Use of sulfuric acid to destroy biogenic materials 
not removed by the current silica gel SPE column might be beneficial. In addition, use of
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a longer silica gel column, with greater capacity and resolving power than the 2 g SPE, 
would Likely improve the cleanup. More frequent disassembly and cleaning of the GC 
injector and MS source, and the use of a replaceable GC pre-column, would also improve 
performance.
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APPENDIX
Complete Results for Preliminary SPE Study
Table i
The table below provides the percent recoveries for each compound for each sample, 
samples 7MD007-018. All samples were spiked with the same amounts of the target 
compounds, but four different eluents were used for the S2 and S3 fractions (Table 4),
Sample Cmpd.
%
Rec.
7MD007, S2 + S3 HHCB 32.1
AHTN 63.0
d3-TCS 70.1
TCS 69.9
d3-MTCS 67.5
MTCS 67.7
7MD008, S2 + S3 HHCB 39.3
AHTN 71.4
d3-TCS 68.6
TCS 68.3
dj-MTCS 71.7
MTCS 71.5
7MD009, S2 + S3 HHCB 35.3
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AHTN 70.2
d3-TCS 72.3
TCS 72.6
Jj-MTCS 68.0
MTCS 68.5
7MD010 HHCB 23.5
AHTN 54.5
Jj-TCS 69.1
TCS 64.5
Jj-MTCS 66.4
MTCS 65.8
7MD011 HHCB 23.4
AHTN 52.0
JrTCS 53.6
TCS 52.7
Jj-MTCS 55.2
MTCS 54.7
7MD012 HHCB 26.2
AHTN 54.8
Jj-TCS 72.2
TCS 69.3
d3-MTCS 70.4
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MTCS 69.0
7MD013 HHCB 34.5
AHTN 69.3
J r TCS 71.5
TCS 67.6
dy  MTCS 73.6
MTCS 71.6
7MD014 HHCB 30.9
AHTN 66.7
Jj-TCS 69.9
TCS 65.2
Jj-MTCS 69.3
MTCS 68.6
7MD015 HHCB 30.8
AHTN 70.5
Jj-TCS 71.6
TCS 68.2
d3-MTCS 72.8
MTCS 71.6
7MD016 HHCB 27.3
AHTN 63.3
4rTCS 58.6
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TCS 57.0
d3- MTCS 61.6
MTCS 61.8
7MD017 HHCB 30.6
AHTN 64.7
^-TCS 60.4
TCS 59.4
Jj-MTCS 62.6
MTCS 62.9
7MD018 HHCB 28.5
AHTN 65.9
c/i-TCS 63.0
TCS 61.9
d r  MTCS 66.0
MTCS 66.5
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Table ii
The mean amounts and percent recoveries of the target compounds and surrogates by 
eluent trial group for samples 7MD007-018.
Samples Cmpd.
Expected Amt.,
ng
Mean Amt., 
ng
Std. Dev., +/- 
ng
Mean 
% Rec.
7MD007-
009 HHCB 32000 5690 4930 35.6
AHTN 31360 10693.3 11085.7 68.2
d3-TCS 32000 11251.8 11480.6 70.3
TCS 40000 14054.8 14434.2 70.3
Jj-MTCS 32000 11049.4 10850.7 69.1
MTCS 40000 13843.5 13570.5 69.2
7MD010-
012 HHCB 32000 7795.3 506.4 24.4
AHTN 31360 16857.3 490.0 53.8
Jj-TCS 32000 20789.3 3522.8 65.0
TCS 40000 24879.3 3413.8 62.2
<7j-MTCS 32000 20468.7 2516.1 64.0
MTCS 40000 25263.7 2991.2 63.2
7MD013-
015 HHCB 32000 10265.7 682.3 32.1
AHTN 31360 21587.7 608.4 68.8
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<&-TCS 32000 22725.7 307.7 71.0
TCS 40000 26791.3 641.8 67.0
Jj-MTCS 32000 23010.3 732.7 71.9
MTCS 40000 28248.0 685.0 70.6
7MD016-
018 HHCB 32000 9210.0 544.9
AHTN 31360 20263.7 405.3
ds-TCS 32000 19409.0 709.0
TCS 40000 23777.0 982.9
d3-MTCS 32000 20295.7 731.1
MTCS 40000 25490.0 998.6
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Complete Results for Sodium Sulfate Spike Recovery Study
Table iii
Percent recoveries for all compounds; samples 7MD027-029 were spiked with 0.01 ug 
target compounds; samples 7MD030-032 were spiked with 0.1 ug of target compounds; 
and samples 7MD033-035 were spiked with 1.0 ug of target compounds.
Sample Cmpd. % Rec.
7MDB03 HHCB 0.00
AHTN 0.00
Jj-TCS 51.74
TCS 0.00
<tf-MTCS 70.06
MTCS 0.00
7MD027 HHCB 342.40
AHTN 97.71
Ji-TCS 50.34
TCS 708.16
Jj-MTCS 61.47
MTCS 113.34
7MD028 HHCB 352.32
AHTN 95.66
4rTCS 57.06
TCS 653.44
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<7rMTCS 65.42
MTCS 104.03
7MD029 HHCB 357.44
AHTN 104.11
Ji-TCS 73.80
TCS 1153.76
JrMTCS 72.70
MTCS 139.60
7MD030 HHCB 60.83
AHTN 35.15
Ji-TCS 70.70
TCS 248.96
<7j-MTCS 80.16
MTCS 83.81
7MD031 HHCB 57.07
AHTN 32.96
d3-TCS 86.96
TCS 311.36
Ji-MTCS 73.78
MTCS 73.30
7MD032 HHCB 56.42
AHTN 31.20
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t/j-TCS 78.85
TCS 268.48
<7j-MTCS 70.00
MTCS 74.88
7MD033 HHCB 40.03
AHTN 28.72
Jj-TCS 91.04
TCS 162.08
<fc-MTCS 85.36
MTCS 72.13
7MD034 HHCB 69.04
AHTN 28.02
<7j-TCS 95.92
TCS 165.28
d3-MTCS 72.66
MTCS 62.59
7MD035 HHCB 86.11
AHTN 34.45
d3-TCS 149.92
TCS 297.28
d3-MTCS 90.00
MTCS 79.55
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Table iv
Summary of the mean amounts and mean recoveries for each sample set for samples
7MD027-035.
Sample Cmpd. Mean Amt., ng
Std Dev., 
+/-ng
Mean 
% Rec.
7MDB03 HHCB 0.00 N/A 0.0
AHTN 0.00 N/A 0.0
rfj-TCS 647 N/A 51.7
TCS 0.00 N/A 0.0
d3-MTCS 875.7 N/A 70.1
MTCS 0.00 N/A 0.0
7MD027-
029 HHCB 21.92 0.48 350.7
AHTN 6.20 0.28 99.2
d3-TCS 755.00 151.00 60.4
TCS 52.40 17.15 838.5
d3-MTCS 831.63 71.23 66.5
MTCS 7.44 119.0
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8.73
7MD030-
032 HHCB 36.32 1.49 58.1
AHTN 20.69 1.24 33.1
d3-JCS 985.43 101.65 78.8
TCS 172.67 19.95 276.3
d3-MTCS 933.10 64.19 74.6
MTCS 48.10 3.54 77.3
7MD033-
035 HHCB 406.63 145.60 65.1
AHTN 189.97 22.05 30.4
Jj-TCS 1403.67 408.46 112.3
TCS 1301.33 482.19 208.2
ds-UTCS 1033.43 112.18 82.7
MTCS 446.40 53.14 71.4
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Complete Results for the Spike Recovery Study Using the Fish “MegaMatrix”
Table v
Complete results for samples 7MDB04, 7MD036-044. Samples 7MD036-038 were not 
spiked with target compounds; samples 7MD039-041 were spiked with 0.1 ug of target 
compounds; and samples 7MD043-044 were spiked with 1.0 ug target compounds.
Sample Cmpd. % Rec.
7MDB04 HHCB N/A
AHTN N/A
<6-TCS 103.4
TCS N/A
d3-
MTCS 92.0
MTCS N/A
7MD036 HHCB N/A
AHTN N/A
d3-TCS 119.4
TCS N/A
d3-
MTCS 94.3
MTCS N/A
7MD037 HHCB N/A
AHTN N/A
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^i-TCS 87.2
TCS N/A
d3-
MTCS 81.7
MTCS N/A
7MD038 HHCB N/A
AHTN N/A
dj-TCS 101.0
TCS N/A
dj-
MTCS 88.5
MTCS N/A
7MD039 HHCB 46.3
AHTN 59.0
d3-TCS 106.7
TCS 128.1
ds-
MTCS 82.5
MTCS 116.8
7MD040 HHCB 92.1
AHTN 61.5
^3-TCS 100.0
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TCS 143.4
dj-
MTCS 96.4
MTCS 97.6
7MD041 HHCB 80.9
AHTN 60.1
^-TCS 99.7
TCS 152.0
d3-
MTCS 98.8
MTCS 107.8
7MD042 HHCB 75.6
AHTN 55.4
<£-TCS 176.9
TCS 106.0
d3-
MTCS 186.2
MTCS 84.2
7MD043 HHCB 68.5
AHTN 49.7
^3-TCS 149.1
TCS 101.7
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d3-
MTCS 173.2
MTCS 79.2
7MD044 HHCB 80.6
AHTN 58.3
^-TCS 185.9
TCS 112.9
d3-
MTCS 205.4
MTCS 89.2
Table vi
Summary of the mean amounts and mean percent recoveries for samples 7MD036-044 
Samples 7MD036-038 were not spiked with target compounds; samples 7MD039-041 
were spiked with 0.1 ug of target compounds; and samples 7MD043-044 were spiked 
with 1.0 ug target compounds.
Sample Cmpd.
Mean 
measured 
Amt., ng
Std. Dev., +/- 
ng
Mean % 
Rec.
7MDB04 HHCB 0.00 N/A
AHTN 0.00 N/A
JrTCS 1160 N/A 103
TCS 84.27 N/A
^3-MTCS 1035.00 N/A 92.0
MTCS 0.00 N/A
7MD036-038 HHCB 244.13 172.45
AHTN 131.64 111.85
d3-TCS 1153.23 181.76 102.5
TCS 0.00 0.00
d3- MTCS 992.00 70.98 88.2
MTCS 0.00 0.00
7MD039-041 HHCB 144.47 134.28 73.1
AHTN 338.80 6.96 60.2
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^-TCS 1149.00 44.19 102.1
TCS 794.10 67.98 141.2
</,-MTCS 1041.43 98.84 92.6
MTCS 604.20 54.03 107.4
7MD042-044 HHCB 4214.67 342.29 74.9
AHTN 3064.33 245.61 54.5
4rTCS 1919.33 215.86 170.6
TCS 6011.33 319.64 106.9
d3-MTCS 2118.00 182.59 188.3
MTCS 4737.00 283.01 84.2
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Complete Results for Application of Method to Unknown Freshwater Fish Tissue
Samples
Table vii
Complete results for the first GC-MS analysis of samples 7MDB05, 7MD045-061. The 
files were named with a suffix of “R l” to differentiate them from the second GC-MS 
analysis of the same samples.
File Name Sample Cmpd. Amt., ng Dry wt., ng/g % Rec.
7MDB05R1 7MDB05 HHCB 9.043 0.9 9.0
AHTN 0 0.0 N/A
d3- TCS 980.7 98.1 87.2
TCS 20.84 2.1 20.8
d r  MTCS 949.5 95.0 84.4
MTCS N/A N/A N/A
7MD045R1 7MD045 HHCB 67.52 6.8 67.5
AHTN 0 0.0 N/A
JrTCS 821.2 82.1 73.0
TCS 0 0.0 N/A
Jj-MTCS 881.3 88.1 78.3
MTCS 48.84 4.9 48.8
7MD046R1 7MD046 HHCB 0 0.0 N/A
AHTN 0 0.0 N/A
rfj-TCS 441.6 44.2 39.3
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TCS 0 0.0 N/A
d3-MTCS 436.2 43.6 38.8
MTCS 0 0.0 N/A
7MD047R1 7MD047 HHCB 154.2 15.4 154.2
AHTN 93.02 9.3 93.0
Jj-TCS 1269 126.9 112.8
TCS 0 0.0 N/A
d3~ MTCS 881.1 88.1 78.3
MTCS 113 11.3 113.0
7MD048R1 7MD048 HHCB 87.98 8.8 88.0
AHTN 47.71 4.8 47.7
Jj-TCS 535.2 53.5 47.6
TCS 0 0.0 N/A
d3-MTCS 557.3 55.7 49.5
MTCS 0 0.0 N/A
7MD049R1 7MD049 HHCB 23.34 2.3 23.3
AHTN 0 0.0 N/A
drTCS 668.5 66.9 59.4
TCS 0 0.0 N/A
Jj-MTCS 630.1 63.0 56.0
MTCS 0 0.0 N/A
7MD050R1 7MD050 HHCB 0 0.0 N/A
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AHTN 0 0.0 N/A
d3-TCS 618.1 61.8 54.9
TCS 0 0.0 N/A
ds-UTCS 422.4 42.2 37.5
MTCS 10.22 1.0 10.2
7MD051R1 7MD051 HHCB 0 0.0 N/A
AHTN 0 0.0 N/A
Jj-TCS 830.2 83.0 73.8
TCS 0 0.0 N/A
Jj-MTCS 467 46.7 41.5
MTCS 23.7 2.4 23.7
7MD052R1 7MD052 HHCB 198.9 19.9 198.9
AHTN 140.7 14.1 140.7
d3-TCS 426.2 42.6 37.9
TCS 0 0.0 N/A
d3- MTCS 448.5 44.9 39.9
MTCS N/A N/A N/A
7MD053R1 7MD053 HHCB 47.28 4.7 47.3
AHTN 30.4 " 3.0 30.4
d3- TCS 0 0.0 N/A
TCS 0 0.0 N/A
d3- MTCS 537.8 53.8 47.8
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MTCS 0 0.0 N/A
7MD054R1 7MD054 HHCB 0 0.0 N/A
AHTN 25.58 2.6 25.6
d3-TCS 0 0.0 N/A
TCS 0 0.0 N/A
d3-MTCS 0 0.0 N/A
MTCS 0 0.0 N/A
7MD055R1 7MD055 HHCB 0 0.0 N/A
AHTN 0 0.0 N/A
d3-TCS 0 0.0 N/A
TCS 0 0.0 N/A
d3-MTCS 605 60.5 53.8
MTCS 0 0.0 N/A
7MD056R1 7MD056 HHCB 0 0.0 N/A
AHTN 17.35 1.7 17.35
d3-TCS 304.3 30.4 27.0
TCS 0 0.0 N/A
^3-MTCS 0 0.0 N/A
MTCS 0 0.0 N/A
7MD057R1 7MD057 HHCB 108.6 10.9 108.6
AHTN 10.62 1.1 10.62
d3-TCS 0 0.0 N/A
100
TCS 0 0.0 N/A
<7rMTCS 335.9 33.6 29.9
MTCS 147.2 14.7 147.2
7MD058R1 7MD058 HHCB 126.9 12.7 126.9
AHTN 89.25 8.9 89.3
Jj-TCS 0 0.0 N/A
TCS 0 0.0 N/A
Jj-MTCS 451.2 45.1 40.1
MTCS 0 0.0 N/A
7MD059R1 7MD059 HHCB 0 0.0 N/A
AHTN 0 0.0 N/A
d3-TCS 0 0.0 N/A
TCS 0 0.0 N/A
Ji-MTCS 264.2 26.4 23.5
MTCS 0 0.0 N/A
7MD060R1 7MD060 HHCB 214.8 21.5 214.8
AHTN 160.3 16.0 160.3
Jj-TCS 0 0.0 N/A
TCS 0 0.0 N/A
d3-MTCS 0 0.0 N/A
MTCS 0 0.0 N/A
7MD061R1 7MD061 HHCB 134.1 13.4 2.4
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AHTN 72.46 7.2 1.3
d3-TCS 0 0.0 0.0
TCS 0 0.0 0.0
d3-MTCS 553.9 55.4 49.2
MTCS 200.2 20.0 3.6
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Table viii
Complete results for the second GC-MS analysis of samples 7MDB05, 7MD045-061.
Sample Cmpd. Amt., ng
Dry wt.,
ng/g
Lipid wt.,
ng/g
Wet wt.,
ng/g
%
Rec.
7MDB05 HHCB 0 0.0 N/A N/A 0.0
AHTN 0 0.0 N/A N/A 0.0
dy  TCS 940.3 94.0 N/A N/A 60.1
TCS 0 0.0 N/A N/A 0.0
d3-
MTCS 998.1 99.8 N/A N/A 63.8
MTCS 0.00 0.0 N/A N/A 0.0
7MD045 HHCB 0 0.0 0 0 0.0
AHTN 0 0.0 0 0 0.0
dj-TCS 1701 170.1 342 903 108.7
TCS 0 0.0 0 0 0.0
d3-
MTCS 1181 118.1 238 627 75.5
MTCS 0.00 0.0 0 0 0.0
7MD046 HHCB 0 0.0 0 0 0.0
AHTN 0 0.0 0 0 0.0
<7j-TCS 828.8 82.9 75 395 105.9
TCS 0 0.0 0 0 0.0
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dy
MTCS 502 50.2 45 239 64.2
MTCS 0.00 0.0 0 0 0.0
7MD047 HHCB 0 0.0 0 0 0.0
AHTN 0 0.0 0 0 0.0
^j-TCS 1303 130.3 155 587 83.3
TCS 0 0.0 0 0 0.0
d3-
MTCS 1133 113.3 135 511 72.4
MTCS 21.08 2.1 3 9 15.2
7MD048 HHCB 0 0.0 0 0 0.0
AHTN 0 0.0 0 0 0.0
Ji-TCS 910 91.0 117 421 58.2
TCS 0 0.0 0 0 0.0
d3-
MTCS 910.6 91.1 117 421 58.2
MTCS 87.76 8.8 11 41 63.1
7MD049 HHCB 0 0.0 0 0 0.0
AHTN 0 0.0 0 0 0.0
<7j-TCS 1041 104.1 173 500 66.5
TCS 0 0.0 0 0 0.0
d3- 833 83.3 139 400 53.2
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MTCS
MTCS 29.42 2.9 5 14 21.2
7MD050 HHCB 0 0.0 0 0 0.0
AHTN 0 0.0 0 0 0.0
d3-TCS 649.6 65.0 103 289 41.5
TCS 0 0.0 0 0 0.0
d3-
MTCS 741.3 74.1 117 330 47.4
MTCS 19.72 2.0 3 9 14.2
7MD051 HHCB 0 0.0 0 0 0.0
AHTN 0 0.0 0 0 0.0
<^-TCS 987.7 98.8 156 456 63.1
TCS 0 0.0 0 0 0.0
d3-
MTCS 649.5 65.0 102 300 41.5
MTCS 0.257 0.0 0 0 0.2
7MD052 HHCB 0 0.0 0 0 0.0
AHTN 0 0.0 0 0 0.0
dy  TCS 582.2 58.2 39 260 74.4
TCS 0 0.0 0 0 0.0
d3-
MTCS 414.2 41.4 28 185 52.9
105
MTCS 0.183 0.0 0 0 0.3
7MD053 HHCB 885.05 88.5 0 0 636.3
AHTN 0 0.0 0 0 0.0
rfrTCS 0.00 0.0 0 0 0.0
TCS 0 0.0 0 0 0.0
d3-
MTCS 1077 107.7 204 541 68.8
MTCS 0.00 0.0 0 0 0.0
7MD054 HHCB 8.304 0.8 1 4 6.0
AHTN 0 0.0 0 0 0.0
<7j-TCS 1005 100.5 113 476 64.2
TCS 0 0.0 0 0 0.0
d3-
MTCS 740.3 74.0 84 351 47.3
MTCS 82.45 8.3 9 39 59.3
7MD055 HHCB 39.14 3.9 6 19 28.1
AHTN 0 0.0 0 0 0.0
d3-TCS 556.2 55.6 78 274 35.5
TCS 0 0.0 0 0 0.0
d3~
MTCS 763.7 76.4 108 376 48.8
MTCS 33.62 3.4 5 17 24.2
106
7MD056 HHCB 0 0.0 0 0 0.0
AHTN 0 0.0 0 0 0.0
<7rTCS 493.8 49.4 25 216 94.7
TCS 0 0.0 0 0 0.0
d3-
MTCS 254.4 25.4 13 111 48.8
MTCS 0.00 0.0 0 0 0.0
7MD057 HHCB 0 0.0 0 0 0.0
AHTN 0 0.0 0 0 0.0
dr  TCS 681.1 68.1 56 304 87.1
TCS 0 0.0 0 0 0.0
d3-
MTCS 569.4 56.9 47 254 72.8
MTCS 0 0.0 0 0 0.0
7MD058 HHCB 142.8 14.3 39 76 102.7
AHTN 0 0.0 0 0 0.0
d r  TCS 376.9 37.7 102 201 24.1
TCS 0 0.0 0 0 0.0
d r
MTCS 622.7 62.3 168 332 39.8
MTCS 37.43 3.7 10 20 26.9
7MD059 HHCB 0 0.0 0 0 0.0
107
AHTN 0 0.0 0 0 0.0
J^-TCS 620.7 62.1 68 285 79.3
TCS 0 0.0 0 0 0.0
d3~
MTCS 276.8 27.7 30 127 35.4
MTCS 6564.72 657 0 0 9440.1
7MD060 HHCB 0 0 0 0 0
AHTN 0 0.0 0 0 0.0
d3-TCS 948.5 94.9 334 493 60.6
TCS 0 0.0 0 0 0.0
d3-
MTCS 584.7 58.5 206 304 37.4
MTCS 0.00 0.0 0 0 0.0
7MD061 HHCB 144.7 14.5 35 N/A 1.8
AHTN 91.57 9.2 22 N/A 1.2
d3-TCS 396.5 39.7 95 N/A 25.3
TCS 0 0.0 0 N/A 0.0
d3~
MTCS 603.5 60.4 144 N/A 38.6
MTCS 215.5 21.6 51 N/A 2.8
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Table ix
Comparison of the MTCS dry weights determined by the first and second GC-MS 
analysis of samples 7MDB05, 7MD045-061 to the MTCS dry weights determined by the 
DEQ study.
Sample
File Name, 
first sample 
analysis
Dry
wt.,
ng/g
File Name, 
re-analysis 
of samples
Dry
wt.,
ng/g
Vims
ID
DEQ 2007 
Results, Dry 
wt. ng/g
7MDB05 7MDB05R1 N/A 7MDB05R2 0 N/A N/A
7MD045 7MD045R1 4.88 7MD045R2 0
7PF06
2 2.816
7MD046 7MD046R1 0.00 7MD046R2 0
7PF06
7 4.181
7MD047 7MD047R1 11.30 7MD047R2 2.1
7PF15
2 11.18
7MD048 7MD048R1 0.00 7MD048R2 8.8
7PF23
9 53.154
7MD049 7MD049R1 0.00 7MD049R2 2.9
7PF24
2 13.881
7MD050 7MD050R1 1.02 7MD050R2 2
7PF24
3 9.908
7MD051 7MD051R1 2.37 7MD051R2 0
7PF24
4 10.324
109
7MD052 7MD052R1 N/A 7MD052R2 0
7PF29
0 32.891
7MD053 7MD053R1 0.00 7MD053R2 0
7PF29
1 10.25
7MD054 7MD054R1 0.00 7MD054R2 8.2
7PF29
2 20.111
7MD055 7MD055R1 0.00 7MD055R2 3.4
7PF29
3 20.62
7MD056 7MD056R1 0.00 7MD056R2 0
7PF29
9 3.819
7MD057 7MD057R1 14.72 7MD057R2 0
7PF41
4 70.884
7MD058 7MD058R1 0.00 7MD058R2 3.7
7PF41
5 17.483
7MD059 7MD059R1 0.00 7MD059R2 656.5
7PF41
8 2.042
7MD060 7MD060R1 0.00 7MD060R2 0
7PF45
6 15.496
7MD061 7MD061R1 20.02 7MD061R2 21.6
Mega
Matri
X N/A
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